Background -Aspergillusfumigatus is an opportunistic pathogen to which asthmatic subjects are particularly susceptible. The ability of spores of A fumigatus to bind to pulmonary cells and basement membrane proteins was investigated to determine the mechanisms involved in this susceptibility. Methods -Cells of the A549 pulmonary epithelial cell line or purified basement membrane proteins were immobilised on the wells of microtitre plates. They were then exposed to spores of A fumigatus in suspension, with or without various pretreatments of the spores, cells, and proteins. Adherent spores were counted by light microscopy. Results -Spores of A fumigatus bound in a concentration dependent manner to A549 epithelial cells and pretreatment of cells with interferon y (2500 units/ml) caused a significant doubling of spore binding. Binding of spores to A549 cells was inhibited by about a third by preincubation of the spores with fibrinogen (100 g/ml). Spores bound specifically to extracellular matrix (ECM) components laid down by A549 cells, and pretreatment of the ECM components with hydrogen peroxide (25-80 pM) enhanced spore binding by approximately one third. They also bound specifically and in a saturable manner to purified fibrinogen, fibronectin, laminin, type I collagen, and type IV collagen. Pre-incubation of spores with Arg-Gly-Asp tripeptide (RGD; 50-200 pg/ ml) inhibited binding to fibronectin and type I collagen by 50%. Conclusions -This study suggests that the presence of activated epithelial cells and the exposure of basement membrane that occurs in asthma, together with oxidant stress, may facilitate the colonisation of the asthmatic lung by A fumigatus. The RGD sequence may be involved in spore binding to some ECM proteins. Free fibrinogen may protect against binding of A fumigatus spores to the pulmonary epithelium.
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Aspergillus fumigatus is an ubiquitous saprophytic fungus with spores of a respirable size (3 ptm) that are easily dispersed.'2 A high incidence of A fumigatus spores has been noted in human lungs at post-mortem examination relative to other spores of a similar size,3 suggesting that it is able to persist in the lung.
In favourable circumstances the spores can establish an infection and/or cause an allergic reaction.' Allergic bronchopulmonary aspergillosis is a disease that predominantly affects asthmatic patients. It is caused by a hypersensitivity response to germinating A fumigatus in the lung and can be serious and even fatal. 4 The asthmatic lung appears to be particularly susceptible to A fumigatus spores and several studies have reported high rates of sensitivity to A fumigatus in asthmatic subjects. In one study 16% of extrinsic asthmatic subjects reacted to A fumigatus.5 In another study of 2080 patients with chest disorders 7% had A fumigatus in their sputum, of which asthma was the predominant disorder compared with bronchitis, bronchiectasis, or pneumonia.6 This shows that A fumigatus is present more frequently in asthmatic patients than in those with other respiratory diseases, suggesting that asthmatic airways present a favourable environment to fungal growth which would enhance the likelihood of spore proteins gaining access to immune cells in the interstitium, leading to sensitisation. The same study also reported that 24% of asthmatic patients had positive skin prick tests to Aspergillus species.
Deposited spores will inevitably come into contact with the pulmonary epithelium, but little is known of the factors involved in this interaction. We have investigated the binding of A fumigatus spores in experimental conditions that mimic the asthmatic lung -that is, binding to activated pulmonary epithelial cells, basement membrane components, and fibrinogen under conditions of oxidant stressusing the lung type II epithelial cell line A549 as a model air space epithelial cell.
Methods

SPORES OF ASPERGILLUS FUMIGATUS
A clinical isolate of Aspergillus fumigatus (obtained from Dr Leslie Milne, Department of Mycology, Western General Hospital, Edinburgh) was cultured at 30°C on malt agar. Ten day old spores were harvested by tapping the plates on a surface and by collection into a homogeniser with a spatula. Spores were added to phosphate buffered saline (PBS) pH 7.4 (Gibco, UK), homogenised for two minutes, and then dispersed in a sonic bath for three minutes to wet the spores and to prevent clumping. The spores were then counted in an Improved Neubauer chamber and a suspension was made up in PBS pH 7.4 at a concentration of 106107 spores/ml. both the test wells and the control wells at 1 mg/ml in PBS (200,l per well) and the plates were incubated at 37°C for one hour, then left at 4°C overnight, followed by three washes each for five minutes in PBS. Spores of A fumigatus in suspension in PBS were then added as in the above method.
BINDING OF SPORES TO PURIFIED PROTEINS
The following proteins were used: fibrinogen, fibronectin, laminin, type I collagen, and type IV collagen (all from Sigma). The proteins were dissolved according to the maker's instructions (for example, collagen was dissolved in acetic acid) and then coated onto 96-well flatbottomed plates (Greiner) as follows: 200,l protein in PBS pH 7.4 was added to wells at concentrations of 5-500,ug/ml. The plates were incubated at 37°C for one hour, then washed three times in PBS pH 7.4 for five minutes. Plates were blocked in BSA and spore suspensions added as above, after the method of Coulot et al. Spores were pre-incubated with Arg-Gly-Asp tripeptide (RGD; 50-200,ug/ml; Sigma) or with the purified proteins mentioned above (50-500 jig/ml) for 15 
Results
BINDING OF A FUMIGATUS SPORES TO A549
CELLS Spores of A fumigatus adhered in a concentration dependent manner to A549 cells in vitro (data not shown). Pretreatment of A549 cells with IFN-y (1000-2500 units/ml) caused a significant increase in the number of spores bound per cell at a concentration of 1000 units/ ml and above (p<0.01 to p<0.001; fig 1) such that approximately twice the number of spores were bound to cells treated with 2500 units/ ml. IFN-y had no significant antiproliferative effect. Pretreatment of A549 cells with 10-80,M hydrogen peroxide for three hours had no effect on subsequent spore binding (mean (SE) spores bound per five high power fields for triplicate wells in three separate ex- Protein concentrations on the plateau were chosen for subsequent experiments (200 ,ug/ml for type IV collagen) in which spores adhered to purified proteins in a spore number dependent manner (data not shown). There was no significant difference in avidity for different proteins. Pre-incubation of spores with RGD had no effect on binding to fibrinogen, laminin, or type IV collagen. Spore binding to fibronectin (p<0.01) and type I collagen (p<0.001), however, was significantly decreased, by more than 50% after RGD pre-incubation (fig 6) . Pretreatment of proteins with hydrogen peroxide (0-80 jM) had no effect on spore adherence (data not shown). Figure 7 was composed to give an indication of the range of avidity of spores for different surfaces likely to be found in normal and asthmatic lungs. Spores were found to have increasing avidity as follows: BSA (control protein) (1000 jig/ml) < A549 cells (confluent) < ECECM (from confluent A549 cells) < IFN-y activated A549 cells (confluent) < purified ECM proteins (average of fibronectin (150 jtg/ml), laminin, type I collagen, and type IV collagen (all 100 jig/ml)).
COMPARISON OF SPORE BINDING TO CELLS AND PROTEINS
Discussion
This study was undertaken to determine whether asthmatic lungs are more liable than normal lungs to allow the spores of Aspergillus fumigatus to attach and persist. The asthmatic lung has activated epithelial cells,9 exposed basement membrane resulting from epithelial detachment,'°" and is under oxidant stress from inflammatory cells.'213 The experiments described here set out to mimic these conditions in vitro to quantify A fumigatus spore binding in these circumstances.
Adherence to host epithelium is one of the crucial steps in the pathogenesis of infectious micro-organisms. We have demonstrated for the first time, to our knowledge, the ability of spores of A fumigatus to adhere preferentially to A549 human lung epithelial cells in vitro compared with a control protein. RGD (,ug/ml) Figure 6 Binding ofA fumigatus spores (1061ml) to proteins in a concentrati 100/glml (except fibronectin 1501glml) after pre-incubation with Arg-Gly-A. However, treatment of the epithelium with hydrogen peroxide before exposure to the spores had no effect on spore adhesion. Spores of A fumigatus bind to fibrinogen29 so we pre-incubated the spores in fibrinogen which inhibited adhesion; incubation in a control protein had no effect. Since fibrinogen specifically blocked binding sites on the spore, we suggest that the cell membrane ligand for spores resembles fibrinogen. Fibrinogen is found in larger quantities in the lungs of asthmatic patients than in normal lungs,303' so the presence of fibrinogen in the lung air space could be beneficial to the asthmatic host by inhibiting the adhesion of A fumigatus spores.
We used the cells of an alveolar epithelial 
